reef communities are undergoing intense degradation in response to natural and 3 human disturbances, therefore, understanding the causes and mechanisms 4 present challenges for scientist and managers. In order to protect our marine 5 resources, determining the effects of nutrient loads on these coastal systems has 6 become a key management goal. Data from monitoring programs were used to 7 detect trends of macroalgae abundances and develop correlations with nutrient 8 availability, as well as forecast potential responses of the communities monitored. 9
Using eight years of data (1996 to 2003) from complementary but independent 10 monitoring programs in seagrass beds and water quality of the Florida Keys 11 National Marine Sanctuary (FKNMS), we 1) described the distribution and 12 abundance of macroalgal groups, 2) analyzed the status and spatiotemporal trends 13 of macroalgal groups, and 3) explored the connection between water quality and 14 the macroalgal distribution in the FKNMS. In the seagrass beds of the FKNMS 15 calcareous green algae were the dominant macroalgae group followed by the red 16 group; brown and calcareous red algae were present but in lower abundance. coastal systems, but increasing evidence for phosphorus (P) limitation suggests 15 that both N and P enrichment are of concern in nearshore habitats (Howarth 1988) . 16 Under short term experimental conditions it has been shown that in P-(Lapointe 17 1989) and N-limited (Larned 1998) environments, tropical macroalgal response to 18 nutrient enrichment varies among regions and is highly species-specific, 19
suggesting that tropical macroalgae exhibit interspecific variation in responses to 20 nutrient enrichment along gradients corresponding to background nutrient influence 21 (Fong et al. 2003 ). This suite of short term experiments suggests a close 22 interaction between nutrients and macroalgae; and that results are determined by 23 the initial conditions (Ferdie and Fourqurean 2004) , as well as by biotic or abiotic 24 abundance of each group observed in each quadrat was assigned a score 1 between 0 and 5. A score of 0 indicated that the genus or functional group was 2 absent, 0.1 indicated the presence of a solitary individual covering < 5% of the 3 quadrat area, 0.5 indicated few individuals covering < 5%, 1 indicated numerous 4 individuals covering <5%, 2 indicated 5-25% cover, 3 indicated 25-50% cover, 4 5 indicated 50-75% cover, and 5 indicated 75-100% cover. Site-specific abundance 6 of each taxon (Ab i ) was calculated as: 7
where N i is the number of quadrats at a site in which taxon i occurred, n is the total 9 number of quadrats observed, and, S ij is the Braun Blanquet score for taxon i in 10 quadrat j. Note that the range of possible taxon-specific abundance scores was 0 11 < Ab i < 5. The spatial distribution of the eight year (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) mean Ab i of each 12 macroalgal group was obtained by interpolating mean values throughout the study 13 area with a kriging interpolation routine (point kriging using linear variogram and no 14 nugget, Surfer 8, Golden Software) . 15 In order to analyze the temporal patterns in abundance (e.g. long-term 16 trends, seasonal cycles) for each group at each monitoring site we applied a non-17 linear regression model (using the statistical package SPSS) with parameters to 18 incorporate both long-term changes as well as seasonal fluctuations. Time series 19 analyses were conducted using the following model: 20
where Ab i was the abundance of group i, β i represented the initial abundance of 22 group i, m i represented the long-term linear trend in abundance of group i, t was 23 time since the beginning of the time series (time in radians, 1 year = 2 π radians), 24 α i represented the magnitude of seasonal changes in abundance of group i, and Φ i 1 (phase angle in radians) represented the timing of seasonal changes in abundance 2 of group i. This particular model was chosen for our analyses because a similar 3 approach has been successful in describing the temporal patterns of other aspects 4 of the seagrass and algal communities in the region (Fourqurean et sub-segments BC3 and BC4 on the bay side (Fig. 1) . We also tested for 22 differences among strata of offshore distances because of the spatial pattern in 23 nutrient limitation along this gradient (Fourqurean and Zieman 2002 (Fig. 2) . 9
The highest concentrations of TP (>0.26 µM) were found in all five 10 Backcountry sites. The TN:TP ratio showed a similar distribution pattern than the 11 inorganic nutrients. TOC was higher in Sluiceway and the Backcountry (>230 µM), 12 and was also distributed as a gradient from inshore to offshore (Fig. 2) . 
Macroalgae 21
The Florida Keys had mainly tropical macroalgal species as their 22 characteristic aquatic non-vascular flora. In the seagrass beds of the FKNMS, 23 green algae were mainly represented by calcareous algae such as species of the 24 Batophora, Anadyomene among others. Red algae were represented by species of 3 the genera Laurencia, Chondria, Acanthophora, Gracilaria among others. Brown 4 algae were mainly represented by species of the genera Sargasum, and Dictyota. 5
Many other species were epiphytic on seagrass blades but were not included in 6 this study. 7
Results of the monitoring program show that all algal groups were present 8 and encountered year-round and throughout the eight-year span of our data, but 9
there were large differences in the frequency of encounter and mean abundances 10 of the algal groups. The consistently most abundant group of algae during the 8 11 year period was the CGT, followed by the RO. The rest of groups were present, 12 but in an order of magnitude lower mean abundance (Fig. 3) . Each group had a 13 unique distribution. CGT was characterized by the highest abundance and widest 14 distribution, with some high abundance spots in Backcountry (site 307) and 15 Sluiceway (site 285); lower abundance was found at the ocean side of the Keys at 16 sites 243, 255, and 273 (Fig. 3 ). RO had an intermediate level of abundance and a 17 distribution more or less similar to that of the CGT; high abundance levels for RO 18
were found mainly at sites 285 and 294 both in Sluiceway (Fig. 3) . GO, CR and BO 19 were characterized by low abundance and very patchy distribution. 20
The fits of our non-linear regression model to the abundance time series 21 varied between the algae groups, the model generally described the time series 22 data reasonably well for CGT and RO (Fig. 4) with Sluiceway which had low to medium values (Fig. 7) . The intra-annual 12 variability α i and abundance peak Φ i did not showed any significant differences 13 among the three different geographic categories tested. 14 (Table 1) . BA Ab i did not have any significant correlation 22
with any water quality parameters (Table 1) . 23 did not stimulated algal growth to the level to overgrow the seagrass beds, 7 however some increases in calcareous green and ephemeral filamentous red were 8
detected. This suite of results can be interpreted to suggest that in the Florida Keys 9 and Florida Bay seagrass beds, calcareous green algae can be the first group of 10 macroalgae to increase as nutrients loads are increased as well as some 11 ephemeral red filamentous algae as epiphytes on seagrass blades. 12
Short term field studies in tropical regions suggest that it is difficult to find a 13 significant correlation between N or P concentration and abundance of macroalgae 14 Nutrients are important for the algal communities as shown in this study; 5 however we do not disregard other factors that might be playing a role in the long-6 term trends in the FKNMS macroalgal communities. It is possible that the 7 distribution patterns and trends found may be a response to some unidentified 8 region-wide disturbance in the past. Fourqurean and Rutten (2004) showed that 9 calcareous macroalgae were much more susceptible to disturbance from Hurricane 10
Georges than the sea grasses in the region. However, that same study showed 11 that prestorm abundance of calcareous green macroalgae were reached within 3 12 years of the disturbance. If the increase we found is the result of the 13 reestablishment after a disturbance, that disturbance must have been of 14 significantly greater magnitude than Hurricane Georges. 214  215  216  220  223  225  227  235  237  239  241  243  248  255  260  267  269  271  273  276  284  285  287  291  294  296  305  307  309 214  215  216  220  223  225  227  235  237  239  241  243  248  255  260  267  269  271  273  276  284  285  287  291  294  296  305  307  309 
